ABSTRACT. Successful natural resource management is dependent on effective knowledge exchange and utilization. Local/traditional/ indigenous knowledge derived from place-based experience and scientific knowledge generated by systematic inquiry are the most commonly recognized knowledge domains. However, we propose that many natural resource decisions are not based on local or scientific knowledge, but rather on a little recognized domain that we term professional ecological knowledge (PEK). Professional ecological knowledge is founded upon codification of broad ecological principles, but not necessarily scientific evidence, to legitimize agency programs, support operational efficiency, and encourage user compliance. However, in spite of these benefits, PEK may reduce program effectiveness by inhibiting the exchange of local and scientific knowledge and minimizing the development of evidence-based conservation. We describe what we consider to be common facets of PEK through case studies examining the sources of knowledge utilized by forestry agencies in India and by rangeland conservation programs of the USDA Natural Resource Conservation Service. Three propositions are presented regarding the origins and continued existence of PEK: (1) minimal information feedbacks regarding the efficacy of agency programs contributes to development of PEK; (2) a narrow scientific agenda and a perception that most scientific knowledge is not relevant to management decisions encourages a divide between scientists and managers; and (3) political interests often benefit from existing applications of PEK. By calling attention to the existence of PEK as a distinctive knowledge domain, we aim to encourage more explicit and critical consideration of the origins of knowledge used in environmental decision making. Explicit recognition of PEK may provide greater understanding of the dynamics of knowledge exchange and decision making in natural resource management.
INTRODUCTION
Successful natural resource management is dependent on effective knowledge exchange and utilization (Holling and Meffe 1996 , Roux et al. 2006 , Fazey et al. 2013 . Although there has been substantial research devoted to comparing the knowledge of natural resource users with that of scientists (Berkes 1999 , Davis and Ruddle 2010 , Raymond et al. 2010 , less attention has been devoted to examining the knowledge used by government natural resource managers. Agency professionals typically have substantial training in a natural science discipline related to the mission of their agency, for example, most employees of forestry agencies in the U.S. have bachelors or master's degrees in forestry or other relevant natural resource management disciplines, such as range management or wildlife biology (Kaufman 1960 , Tipple and Wellman 1991 , Koontz 2007 . However, their primary responsibilities are not to engage in research or scholarship, but to implement programs designed by their respective agencies. Even though these professionals may live near the natural resources they manage, the bureaucratic nature of their work and authority of their positions often separates them from rural livelihoods and direct observation of management outcomes. Consequently, opportunities for systematic or long-term observation may be limited (Roux et al. 2006 , Fleischman 2015 .
The knowledge used by professional resource managers, particularly those in public agencies, is important because these managers play an important role in decision making about public and private land use around the world. For example, approximately 75% of the world's forests are formally owned by governments (Agrawal et al. 2008 , Sunderlin et al. 2008 , and much of the remainder is subject to regulatory oversight (McDermott et al. 2010 , McGinley et al. 2012 . Similarly, many rangelands in the U.S. are publicly owned and managed by government agencies, whereas those that are in private ownership often enroll in voluntary cost-share programs offered by the Natural Resource Conservation Service (NRCS) to pursue conservation objectives (Briske 2011) . Although government agencies are rarely the sole actors influencing natural resource management decisions, they usually play an important role.
We posit that government agencies responsible for natural resource management often rely on neither local nor scientific knowledge, but that they develop and implement a distinct type of knowledge, which we term professional ecological knowledge (PEK), to conduct their missions and implement programs. We review the existing literature regarding the knowledge developed and implemented by professional managers in government agencies and show that it is both limited and inconsistent in its interpretation relative to that of local and scientific knowledge. We then use case studies of two very different government natural resource agencies to demonstrate the existence of PEK and to assess its potential consequences. These case studies are of forest departments in India, which are the legal owners and managers of the vast majority of India's forest land, and the NRCS in the U.S. Department of Agriculture, which is primarily responsible for administering technical assistance and cost-share programs for private land owners across the U.S. Finally, we discuss the broad implications of PEK on knowledge exchange and decision making in natural resource management. http://www.ecologyandsociety.org/vol21/iss1/art32/
Forms of ecological knowledge
We define knowledge as a combination of experiences, values, contextual information, and intuition, which provides a framework to evaluate and incorporate new experiences and information (Roux et al. 2006) . A wide variety of categorizations of knowledge exist within the natural resource management literature, and controversy exists regarding the value of these knowledge domains (Agrawal 1995) . However some common ground can be found in the perception that knowledge is arrayed along a continuum bounded by scientific and local knowledge (Davis and Ruddle 2010, Raymond et al. 2010 ). Scientific knowledge is derived from organized, systematic inquiry and aims for generalizable objectivity, explicitness, abstraction, mechanistic description, and transferability across contexts (Agrawal 1995 , Roux et al. 2006 . Local, traditional, and indigenous knowledge are developed through resource users' experiences and informal observations of resources, and tend to be subjective, holistic, place based, problem oriented, but highly implicit thus complicating attempts to define, encode, and transfer this knowledge (Raymond et al. 2010) . Traditional and indigenous ecological knowledge are further characterized by their cultural embeddedness and transfer across generations (Olsson and Folke 2001) . We follow Raymond et al. (2010) and broadly use local knowledge to describe knowledge developed and applied by various natural resource users, including those who possess and do not possess traditional or indigenous knowledge, to derive their livelihoods.
The existing literature contains conflicting accounts of how the knowledge of government agencies fits into these knowledge domains. Some authors treat government officials as holders of scientific knowledge. For example, Gadgil and Berkes (1991) contrast indigenous resource management systems with those developed by modern governments based on ecology, whereas Scott (1998) sees the development of scientific forestry in the 19th century as fundamentally tied to the creation of government regulation. By contrast, in seeking to integrate local and scientific knowledge, Raymond et al. (2010) interviewed a number of stakeholders whom they considered to hold local knowledge, including government bureaucrats.
These inconsistencies partially originate from the difficulty of distinguishing among domains arrayed along a knowledge continuum. In a survey of over 1000 Australian protected area practitioners, Cook et al. (2009) found that 90% of the practitioners' decisions relied largely on experience-based knowledge and were made without evidence-based knowledge. A survey of conservation managers in the UK by Pullin et al. (2004:245) reported: "the majority of conservation actions remain experience-based and rely heavily on traditional land management practices." Cook et al. (2009) considered their study to represent an evaluation of the local knowledge of practitioners, but it is not clear if their respondents had in fact lived or worked in the same ecosystem for sufficient time to develop local knowledge. Similarly, Pullin et al. (2004) referred to traditional land management, but they did not define traditional, so it is not clear if it refers to long-established practices representing what Olsson and Folke (2001) would call local knowledge, or merely to the status quo of current practices. All three groups of investigators assumed that if knowledge is not scientific, it must be local, but none explicitly investigated the origin of nonscientific knowledge. Edelenbos et al. (2011) argued that government officials are the primary holders of an additional knowledge domain that they term bureaucratic or administrative knowledge. It specifically refers to the knowledge of government procedures, as opposed to knowledge of natural resource management in ecological systems. They claim it "is also based on professional and scientific grounds, but it has less strict checks and balances compared to scientific peer review" (Edelenbos et al. 2011:676) . Because the focus of their work was on the coproduction of knowledge in Dutch water management systems, they did not provide a detailed description of the specific bureaucratic knowledge that was used, nor how it differed from other knowledge domains. It is certainly conceivable that hybrid knowledge may be developed through the combination of two or more knowledge domains (Raymond et al. 2010) .
Professional ecological knowledge
In contrast to the knowledge domains described, we argue that PEK is founded upon codification of broad ecological principles, but not necessarily scientific evidence, to inform and legitimize standard agency programs and protocols, to support uniform implementation, and to encourage user compliance. We argue that PEK differs from local knowledge because it is not grounded in direct experience of natural resources to support human livelihoods, and that it differs from scientific knowledge because it is not directly derived from systematic inquiry. Therefore, we consider PEK to be a unique knowledge source, rather than a form of hybrid knowledge. Furthermore, it differs from bureaucratic/administrative knowledge as described by Edelenbos et al. (2011) in that it is knowledge about natural resource use and management, as opposed to knowledge merely of administrative procedures. Common examples of codification of PEK include best management practices, procedural manuals, and technical guides that often come to be thought of as verified scientific knowledge by personnel who use them. Codification of PEK is often shaped by legal or regulatory considerations that specify prescribed actions regardless of their scientific legitimacy or fit to local natural resources conditions. For example, Arnold and Fleischman (2013) described how court decisions in the U.S. forced wetlands regulators to use a regulatory standard that is ecologically meaningless.
We suggest that PEK may possess fewer and less direct information feedbacks to evaluate, self-correct, and create new knowledge than do local and scientific knowledge domains (Table  1) . For example, decisions based on local knowledge are vetted through direct outcomes influencing human livelihoods, whereas scientific knowledge is vetted through hypothesis testing and peer review. Professional ecological knowledge is often vetted upon the rate and effectiveness with which standardized programs and protocols have been followed, implemented, and completed. In these circumstances, monitoring often emphasizes program implementation and compliance, rather than natural resource outcomes originating from these programs (Ferraro and Pattanayak 2006, Batie 2009 ). Minimal information feedbacks from the implementation of agency programs and policies serve to promote the development of PEK by isolating it from the natural resources being managed, as well as from associated local and scientific knowledge domains (Holling and Meffe 1996, Ludwig 2001) . The conditions that give rise to PEK are likely to vary among agencies, or within divisions of the same agency, such Legal proceedings, public critique † We recognize that local, traditional, and indigenous knowledge have each been given distinct meanings in the literature, however we group them together because they are similar when compared to PEK. that some will rely primarily on PEK, but others may effectively incorporate scientific or local knowledge into their decision making (Desmarais and Hird 2014) . These conditions may provide useful entry points to further investigate the development and implications of PEK.
CASE STUDIES OF KNOWLEDGE USE IN NATURAL RESOURCE MANAGEMENT
We present two case studies of knowledge application in two very different natural resource agencies, forest departments in India and rangeland conservation in the U.S. NRCS, to further demonstrate the occurrence of PEK and to identify its potential implications. By providing two cases of PEK, we demonstrate the existence of the phenomenon we have described (Campbell 1975, George and Bennett 2005) . In addition, we use these as heuristic cases to develop greater insight into the knowledge domains used by government agencies to manage natural resources (George and Bennett 2005) .
Planting trees in Central India
Our first case study of agency knowledge comes from forests in India. India has a long tradition of government forestry dating back to the mid-19th century, and early in the 20th century it was seen as a global leader in forest science (Saberwal 1999 , Barton 2002 . The primary objective of Indian forestry at this time was timber production to meet industrial demands, and forest science emphasized the maximum sustainable yield model to support this objective. This model introduces management practices to maintain system stability so the yield of one or a few products can be optimized, timber production in this particular case (Holling and Meffe 1996) . Although subsequent policy revisions now place greater emphasis on support for rural livelihoods and biodiversity conservation, and commercial uses have been greatly restricted (Ministry of Environment and Forests 1988), contemporary forestry practices continue to emphasize the traditional objective of timber production (Fleischman 2014 (Fleischman , 2015 . This is reflected in the knowledge base of many foresters, which emphasizes knowledge of commercial timber species over that of other forest products and ecosystem services (Robbins 2000) .
Although Indian forest officials proudly describe the work they do as scientific forestry, foresters in India currently have little scientific knowledge available to guide their decision making. It is highly unusual for forest planning documents to contain citations to any form of scientific study or publication. Forestry training is conducted primarily in government-run forestry training institutes, which are staffed by senior field foresters, not academic researchers. Curriculum in these institutes is conservative, often passing down knowledge and management practices that date back 100 years (Hannam 2000) and draw primarily on the sustained yield models developed by 19th century forest scientists (Stebbing 1922 , Gadgil and Guha 1992 , Barton 2002 . The bias toward commercial activities is reflected in departmental research programs, which focus almost exclusively on improving techniques for commercial plantations, and which continue to draw on the sustained yield model (Fleischman 2014) . Forest departments have a history of poor cooperation with independent scientists (Lewis 2002 , 2004 , 2005 , Madhusudan et al. 2006 , and ecological knowledge in India remains limited (Singh and Bagchi 2013) . Thus, although the knowledge of foresters may have some basis in scientific theories, most practices of forest officials are likely to have a very limited grounding in scientific knowledge simply because scientific knowledge is highly limited, and there is little knowledge exchange between scientists and managers.
At the same time, most foresters have few opportunities to develop local knowledge. It is not clear how many forest officials come from social backgrounds with extensive knowledge of forests. Robbins (2000) reported that a small percentage of lower-ranked agency personnel shared knowledge with local forest users because of their backgrounds, but Hannam (2000) and Fleischman (2014) indicated that higher-ranking officials rarely come from backgrounds in which they had significant knowledge of forestry. Robbins reported that most foresters preferred fastgrowing, commercially valuable exotic species; a preference they shared with well-off and high caste members of surrounding communities who profited from timber production, implying that their knowledge was a product of regional political-economic preferences. Once on the job, forest officers are transferred every two to three years to minimize development of corrupt local ties (de Zwart 1994, Iyer and Mani 2012) , so they rarely observe the long-term impact of their decisions and thus do not have opportunities to develop local knowledge. Professional foresters do interact with local villagers who possess extensive local knowledge, but the prevailing power imbalances make villagers reluctant to criticize forest officials, and forest officials do not consider villagers a reliable knowledge source (Fleischman 2014) . http://www.ecologyandsociety.org/vol21/iss1/art32/ What knowledge guides decision making if it's not scientific or local knowledge? According to Fleischman (2014) , much knowledge derives from management prescriptions developed by upper-level officials and other senior policy makers, who themselves base their knowledge on elements taught in forestry training institutes, the same institutes that Hannam (2000) reported using 100 year-old textbooks. These training institutes have continued to focus on the maximum sustained yield model. Resulting management prescriptions, which reinforce the knowledge of officials, are developed based on older ecological principles, with modifications to suit contemporary conditions. For example, Fleischman (2014) reported that because of low stocking rates, many management plans now focus on creating intensive plantations rather than on planning harvest schedules, yet sustained yield models underlie both types of management plans, to the exclusion of consideration of broader ecological characteristics such as biodiversity or ecosystem function. Foresters come to believe that tree planting practices are valuable precisely because they are encoded in the mission and training programs of an agency, but in fact, those tree planting practices are not effective at achieving the contemporary objectives of protecting biodiversity or improving rural livelihoods. Instead, they are a relic of an older focus on timber production that is no longer the primary agency mission (Fleischman 2014) . Management prescriptions for issues other than tree planting have not been studied systematically, but appear to be driven by the experience of foresters in the field, although given the lack of sustained contact with a single locale may mean that this is not genuinely local knowledge. Notably, although this knowledge may derive from management prescriptions, it is distinct from the bureaucratic/administrative knowledge described by Edelenbos et al. (2011) , because this is knowledge about forest ecology and management, rather than knowledge of administrative processes, which officials also possess.
Assessment of rangeland conservation in the U.S.
The U.S. Department of Agriculture, Natural Resources Conservation Service (USDA-NRCS) is responsible for administering programs to promote conservation on private lands through various cost-share programs (Briske 2011) . This agency initiated the Conservation Effects Assessment Project (CEAP) in 2003, in response to a call from the Office of Management and Budget for greater accountability of the societal benefits of federal conservation funding on 166 million hectares of privately owned rangelands in the U.S. A team of 40 scientists, interacting with 30 NRCS partners, was assembled to assess the effectiveness of 7 major rangeland conservation practices that had received the greatest funding and had been most widely implemented. The CEAP assessment team treated the stated goals and anticipated outcomes of the agencies' conservation practice standards, i.e., protocols that establish the priorities and procedures for these cost share programs, as hypotheses that were tested with relevant published experimental data. We consider these practice standards to represent explicit forms of PEK.
The assessment found little evidence of conservation benefits in the form of increased provision of ecosystem services or the reduction of natural resource degradation ). However, this conclusion was primarily a consequence of minimal monitoring of the ecological outcomes of these conservation practices, rather than an assessment of the effectiveness of the conservation practices per se. The assumptions of predictability and control associated with the maximum sustainable yield model may have provided a self-reinforcing mechanism that minimized the perceived need for monitoring program outcomes because they were considered a certainty in this highly simplified model. This interpretation is consistent with the doctrine of truncation in which government agencies attempt to reduce the complexity of their missions through the use of programs and policies (Ascher 2001) .
It was clearly evident that the current conservation practice standards had not kept pace with scientific advances that have occurred in the past two or three decades. A review of conservation practices standards every five years is mandated by the agency, but these are conducted within the agency with little or no external knowledge exchange. Conservation standards addressing contemporary natural resource issues, invasive plant management in particular, were poorly developed relative to the available scientific knowledge and the scope of the problem that they pose to rangeland systems (Briske 2011) . Unlike the Indian forestry documents, citations were included in the 2010 conservation practice standards. We calculated the mean age of the 52 citations included in the 7 conservation practice standards to be 18 years, and only 10% of these were peer reviewed journal articles, with the majority evenly distributed between government reports and books. This is consistent with the findings of Desmarais and Hird (2014) indicating that the mean age of citations in USDA regulatory impact analyses was 17.3 years, the oldest of 13 federal agencies evaluated. This supports the contention that agency conservation practice standards are based on broad and often outdated ecological principles, rather than on contemporary scientific evidence. This further suggests that scientific knowledge is considered unimportant to the development of conservation practice standards or that insufficient capacity exists within the agency to manage its exchange and adoption. Given that the conservation standards were developed at the national level, with allowances for some regional modification within individual states, they also do not meet any reasonable definition of local ecological knowledge.
DISCUSSION
The two cases that we have reviewed suggest that a considerable body of knowledge within these agencies fits neither the definitions of scientific nor local knowledge as described in the literature. Neither the knowledge used by Indian foresters, which continues to emphasize production forestry in the form of tree planting, nor the knowledge used by NRCS administrators to develop conservation practice standards is based on experiences of natural resource users. Although derived in part from broad and often dated ecological theories, the knowledge in use is not scientific, in the sense of being critically vetted by experimental evidence or peer review. Finally, although this knowledge is shaped by administrative procedures within agencies (Edelenbos et al. 2011) , it extends beyond agency operations to guide natural resource decision making.
Creation of professional ecological knowledge (PEK)
We propose that this body of knowledge created and implemented by these two agencies is best termed professional ecological knowledge (PEK). This knowledge domain is derived from professional training and experience and by application of Ecology and Society 21(1): 32 http://www.ecologyandsociety.org/vol21/iss1/art32/ standardized administrative protocols that are often codified versions of ecological principles whose applicability to particular sets of situations has not been tested scientifically. The development of PEK in both cases, even though they are on different continents and within different cultures, is suggestive of a common impetus for their creation. We contend that simplified models, primarily the maximum sustainable yield model, based on early 20th century ecological principles, which were codified into agency programs, may have provided this impetus. Once the influence of PEK on knowledge exchange and natural resource management decisions has been more clearly identified, it may prove to be a central component of what Holling and Meffe (1996:328) described as the "pathology of natural resource management," in which oversimplification and broad application of management strategies contributed to natural resource management failures (Acheson 2006). These case studies provide the basis for developing inferences about what drives the development of PEK. We posit that PEK may be more dominant in some agencies than others for systematic reasons. The three propositions below are meant to guide future research on the origin and consequences of PEK.
The first proposition is that PEK is more likely to develop when information feedback regarding the outcomes of agency programs are infrequent and limited. We posit that procedures that expose the knowledge of natural resource managers to criticism by other knowledge domains will limit the development of PEK. For example, managers who work for extended periods in a specific ecosystem are likely to have their knowledge tested by the observation of program outcomes and episodic events and thus benefit from or even develop local knowledge. By contrast, government employees who are rotated between postings in different regions, as Indian foresters are, are less likely to develop local knowledge. Furthermore, even if such local knowledge is developed by low-ranking field personnel (such as some of the forest guards discussed by Robbins 2000) , this will have little meaning to the outcomes of agency programs if they are not consulted by decision makers who, in most resource management agencies, work primarily in regional or national centers far removed from the natural resources being managed. Procedures that expose agency planning to public criticism, such as the notice and comment procedures enshrined in the U.S. National Environmental Policy Act, may also serve to limit the development of PEK (Yackee 2006 , Nie 2008 , Auer et al. 2011 . If this is the case, we would expect that agencies whose work is subjected to less public criticism, such as the NRCS and Indian forest departments, to incorporate less scientific and local knowledge than agencies such as the U.S. Environmental Protection Agency and USDA Forest Service, which engage in substantially more notice and comment procedures.
Our second proposition is that the narrow research agenda adopted by natural resource disciplines early last century is partially responsible for the development of PEK (Ascher 2001) . Science emphasizes precision and repeatability, but it often lacks sufficient context for successful natural resource management and policy applications because these actions occur within complex adaptive systems characterized by economic, political, and cultural considerations (Ludwig 2001, Dilling and Lemos 2011) . Scientists are often more adept at sharing explicit information to advance understanding, rather than in knowledge generation and sharing to promote problem solving (Roux et al. 2006) . Therefore, many agency professionals may perceive that current scientific knowledge is not relevant to the management decisions for which they are responsible (Ludwig 2001 , Pullin et al. 2004 . Insufficient policy-relevant science may have helped to create a space for development of PEK. Agencies that have their own scientific staff or work more closely with independent scientists may be less likely to develop PEK. More broadly, building bridges between agencies, scientists, and holders of local knowledge may require the cultivation of boundary crossing networks or organizations (Guston 2001 , Lidskog 2014 , which could emerge as a crucial strategy for counteracting the adverse elements of PEK.
Our third proposition is that PEK is more likely to develop and be implemented when it benefits powerful political interests. Political leaders may prefer PEK for two very different reasons. The first reason is that PEK may insure a steady flow of benefits from agency activities to the politically powerful. The NRCS' conservation programs and India's forest management programs both bring substantial benefits to well-organized groups of stakeholders. Conservation programs administered by the NRCS allocate large amounts of federal funds to private landowners who have historically been well-organized to retain these programs in the federal budget (Olson 1965 , Rowley 1985 . Similarly, forest science that focuses on maximizing sustained yield maintains high levels of timber extraction, which is beneficial to the well-organized timber industries, which have historically dominated forest policy in both the U.S. and India (Gadgil and Guha 1992 , 1995 , Hirt 1994 , Clarke and McCool 1996 . Managers may perceive independent scientists as threats to their political authority and may react defensively to scientific information, or, when they have the power, they may actively exclude scientists from even conducting research, as has apparently been the case in Indian forest management (Lewis 2002 , 2004 , 2005 , Madhusudan et al. 2006 . If this were the case, we would expect PEK to be more limited in contexts in which political competition is robust and no single political interest dominates an agency's agenda.
The second reason that PEK may be favored by the politically powerful is that it simplifies the complex task of supervising program implementation. Agency supervisors in the executive, legislative, and/or judicial branches of government, as well as senior managers within agencies, go to great lengths to insure that personnel at various levels of the agency hierarchy perform their duties according to agency protocols. Modern governments are incapable of functioning without clear channels of supervision (Kaufman 1960 , McCubbins et al. 1987 , 1989 , Wood and Waterman 1991 , Miller 1993 . Both scientific and local knowledge require constant adjustment to local conditions, which makes supervision more complicated. By contrast PEK insures that all agency activities are implemented in a similar way, making supervision more tractable, as is the case for tree planting in India, but at the risk of oversimplification of natural resource problems (Fleischman 2014) . Uniform procedures may also aid in the building of a strong organizational identity as was apparently the case for both the Indian forest departments (Stebbing 1922 , Saberwal 1999 ) and the U.S. Forest Service (Kaufman 1960 , Carpenter 2001 , Sayre 2010 in the early 20th century. If this were the case, we would expect that agencies with greater reliance on PEK would effectively make decisions that are consistent with http://www.ecologyandsociety.org/vol21/iss1/art32/ agency protocols, even though they may be less appropriate to the local conditions.
Opportunities and barriers for knowledge exchange
Opportunities and mechanisms by which scientific and local knowledge can be incorporated into agency procedures to influence outcomes likely vary among agencies, and even among programs within an agency. We suggest above that public review, including by the scientific community, of agency procedures may encourage adoption of scientific or local knowledge and limit the development of PEK. The NRCS conducts confidential, internal reviews of conservation practice standards and delivers technical recommendations to individual landowners (Briske 2011) , which is less likely to promote the exchange of either local or scientific knowledge compared to the public reviews of agency actions required in other U.S. environmental agencies. Similarly, administrative units of the U.S. Forest Service that have researchers actively working in them are more likely to incorporate contemporary scientific knowledge (Stankey et al. 2003 (Stankey et al. , 2005 .
The organizational structure and procedures of agencies often create barriers to the flow of scientific knowledge (Roux et al. 2006) . Training programs that emphasize adherence to rigid agency procedures or rely on broadly defined and simplistic ecological principles may convince managers that they are technically trained, while failing to convey specific scientific information. Hannam (2000) found that Indian forestry training programs have exactly this effect. Even when managers have an interest in pursuing scientific information, they may lack access to peer-reviewed scientific literature (Pullin et al. 2004) , and this results in frequent citation of government reports, popular sources, and outdated scientific information (Pullin et al. 2004, Desmarais and Hird 2014) . Internal promotion procedures that reward loyalty or focus on achieving administratively defined targets, rather than creating successful natural resource outcomes, may also incentivize individuals not to recognize or question PEK (Weiss 1988 , Teodoro 2011 . Barriers to knowledge exchange, similar to those that may have contributed to development of PEK, may be partially responsible for the difficulty that government agencies are currently encountering with the development and implementation of climate change planning (Jantarasami et al. 2010 , Archie et al. 2012 ). The major barriers identified for the development of climate change programs include unclear mandates and implementation procedures from upper administration, insufficient delegation of authority, and inadequate knowledge.
CONCLUSIONS
Researchers studying the knowledge used by government agencies often make one of two unsubstantiated assumptions. They assume that because natural resource managers are professionals with advanced degrees, they use scientific knowledge Berkes 1991, Scott 1998) , while others assume that because professional managers conduct their work in a specific locale, often for extended periods of time, they use local knowledge (Pullin et al. 2004 , Cook et al. 2009 , Raymond et al. 2010 ). However, government agencies responsible for natural resource management may often rely on neither scientific nor local knowledge, but on a distinct knowledge domain we term professional ecological knowledge (PEK). The existence of PEK may be both a symptom of and a barrier to knowledge exchange in government agencies and its recognition may provide an important insight into why many natural resource agencies possess a limited capacity for knowledge exchange (Roux et al. 2006) . By calling attention to the existence of PEK as a distinctive knowledge domain, we aim to encourage more explicit and critical consideration regarding the origins of knowledge used in environmental decision making. Confusing PEK with scientific or local knowledge may lead managers to underinvest in scientific investigation or knowledge exchange with scientists and possessors of local knowledge, as appears to be happening in both of the cases we examined.
Our case material is insufficient to identify the causes of PEK, or to understand how it can be ameliorated, however we have identified three propositions about the origin of PEK that merit further consideration: PEK may be limited by systems that encourage information feedback, in the form of boundary crossing networks or organizations or requirements for public participation; its development may be related to historically narrow ecological research agendas; and it may persist because it serves the interests of political leaders. Several important questions remain regarding the context and implications of PEK. To what extent does development of PEK vary among natural resource management agencies and professions? Does the organizational structure or primary mission of an agency influence its development? And perhaps most importantly, to what extent has PEK established barriers to impede knowledge exchange among local and scientific domains and under what conditions may it promote knowledge exchange among domains? Further investigation of PEK within multiple agencies may strengthen our understanding of how knowledge is exchanged among domains and incorporated into decision-making processes in natural resource management.
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